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ABSTRACT 


The work deals with the design and construction of a portable antenna for 
military operational vehicle. It involved the construction of the prototype of 
the designed dish, though the prototype was without a feed, as well as using 
mathematical models to obtain the parameters of the dish antenna by 
varying the diameter and depth of the dish as well as the frequency of 
operation of the antenna. It was observed from the result that as the 
frequency of the VSAT increases, the gain of the antenna also increases 
while the beam width, diameter and depth of the dish decrease. It was 
concluded that increase in frequency of operation of a dish antenna results 
in increase in gain and decrease in beam width, diameter and depth. 
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1. INTRODUCTION 

Very Small Aperture Terminal [VSAT] antenna is a small 
telecommunication earth station that receives and 
transmits real-time data via satellite. The VSAT is an 
example of single user earth station satellite system with 
its own ground station and a small antenna (four to six 
feet across) (Balanis, 2005). VSAT dish or parabolic dish 
can be used for telecommunication signal transmission, 
satellite television signal reception and tele-conference to 
mention but few. It is also used for the mobile platform 
such as vehicles (fixed or moving), ship and other marine 
equipment The use of portable dish antenna on a moving 
vehicle as the platform is what this work is all about. 
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Focal point 



As such, a dish must always have a direct line of sight with 
the satellite in transmitting all the time. Consequently, the 
dish when designed and constructed will make use of a 
tracking system and an electric motor to allow the antenna 
to always focus the satellite in space. The small size of the 
antenna will make it to be resistance to air pulls or pushes 
to some extent. VSAT technology is a powerful 
telecommunications tool with smaller antennas (Kumar 
and Ray, 2003). 

Figure 1.0 is a typical schematic diagram of a dish antenna 
where d is the depth of the antenna, D is the diameter of 
the dish and/is the focal point of the antenna dish. 


Figurel.0: A typical schematic diagram of dish 
antenna. 

2. REVIEW OF SOME RELATED WORK 

The idea of using parabolic reflectors for radio antennas 
was taken from optics, in which the power of a parabolic 
mirror to focus light into a beam has been known since 
classical antiquity. The designs of some specific types of 
parabolic antenna, like the Cassegrain and Gregorian, 
come from similarly named analogous types of reflecting 
telescopes, which were invented by astronomers during 
the 15th century (Stutzman and Thiele, 2012). German 
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Physicist Heinrich Hertz constructed the world's first 
parabolic reflector antenna in 1888 (Stutzman and Thiele. 
2012], The antenna was a cylindrical parabolic reflector 
made of zinc sheet metal and supported by a wooden 
frame. It also had a spark-gap excited dipole as a feed 
antenna along the focal line. Its aperture was 2 meters 
high by 1.2 meters wide, with a focal length of 0.12 meters, 
and was used at an operating frequency of about 450 MHz. 
With two such antennas, one used for transmitting and the 
other for receiving, Hertz demonstrated the existence of 
radio waves. This had been predicted by James Clerk 
Maxwell some 22 years earlier (Makino, 2006], However, 
the early development of radio was limited to lower 
frequencies at which parabolic antennas were unsuitable. 
They were also not widely used until after World War 2, 
when microwave frequencies began exploited. 


3. METHODOLOGY 

This work is made up of the design of a complete dish 
antenna. The design is made up a complete dish or VSAT 
antenna consisting of the reflector and the feed which are 
done with step-by-step mathematical methods. The 
methodology for the design is as follows: 


3.1. Mathematical computation method 

This involves the use of mathematical formulas to 
calculate the parameters of the dish antenna as well as the 
feed design. 

A. Reflector design: The procedures for the reflector or 
parabolic dish design are as follows. 

I. Calculation of the focal length [f] of the dish: The focal 
length of the dish can be determined using the value of 
the diameter, (DJ and the depth, [d] of the dish. It is 
calculated using the formula given in equation 1. 


/ = 


D 2 
16 d 



Where D - Diameter of the dish, d = Depth of the dish and/ 
= focal length of the antenna. 


This is when the diameter and the depth are known or 
chosen for the design. In a situation where the diameter 
and the focal length are already selected, then the dish 
depth is to be determined. The depth of the dish is 
determined using the formula given in equation 2 as; 


d = 


D 2 

16 / 


( 2 ) 


Where D = Diameter of the dish, d = Depth of the dish and/ 
= focal length of the antenna. 

II. Calculation of the ratio of the focal length [f] to the 
dish diameter (D), (f/DJ: The ratio, (f/DJ is a standard 
value used for installation of the dish. It is calculated 
as: 

/ 

Focal length diameter ratio = — [3] 


Where/= focal length of the dish and D = diameter. 


III. Calculation of the area [A] of the dish: The area of the 
dish is also calculated as: 

A = —— (4) 


IV. Calculation of the gain, [G] of the antenna: The 
antenna gain is determined using; 

4 r)7t A 


G = 


A 2 


G = Log 


At/k A 

a 2 


v 


(5) 

( 6 ) 


V 


where A = Area of the dish, 

A - wavelength and 77 = the efficiency of the antenna 
which is between 50% to 60% but 55% is used in this 
design. Equation (5} is the gain in watt (W] and equation 
[6] is the gain is decibel, (dBJ. 

V. Calculation of the beam width: the band width of the 
dish antenna is found using: 

„ ■ , , 70/1 

Beam width =- [3.7] 

D 

Where A = wavelength and D = Diameter of the dish. 

B. Feed Design 

A feed is one of the major components of a dish antenna as 
it performs active roles of receiving signal from the 
reflector and delivers it to the receiver, and receives signal 
or information from the transmitter and beams it unto a 
reflector for transmission. Reflector dish feed can be a 
horn antenna or an array of micro strip patch antennas. 
Although horn antenna has higher gain than micro strip 
antenna, the use of their array will increase the gain, less 
weight and reduced size. Thus, linear array feed will be 
designed for the work. 

Linear array feed 

A linear array feed is designed as a form of linear antenna 
array. Linear antenna array contains arrangement of 
antennas in a straight line. This work employs the use 
circular micro strip patch antenna array. It will also make 
use of six [6] antennas in a linear (1 x 6] form (i.e. one 
row, six columns] 


A micro strip antenna is composed of a metallic patch 
placed on a substrate or dielectric material. The steps for 
designing the feed are: 

I. Determination of the height [h] of the substrate: The 
height of the substrate is calculated using the formula: 

, 0.3 C 

h = -— [ 8 ] 


h = 


l7Tf ^fs i 
0.3 A 
2 7t 


(9] 


where £ r is the dielectric constant of the dielectric 
substrate, h is the height of the substrate. The dielectric 
material used in this design is TT DUROID type with £ r - 
2.2, A = wave length, c = speed of light wave and f = 
frequency of operation of the antenna. 
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In this work, the frequency used for the design is 25GHz. 
Therefore, the wave length, X, 

X= C/f, 

(3 x 10 8 ]/(25 x 10 9 ] (10] 

= 0.012m. 


where N = number of elements or antennas forming the 
array, 9 U is the angle of illumination, d = distance between 

the antennas in the array, But X = 0.012m = 1.2cm, 9 n = 
180°, N = 128°. 


Now the h, in equation [3.9] transforms to: 

, 0.3x0.012 

h = -7— (11] 

2x3.142 xV2T2 

= 0.0003862m = 0.0386cm = 0.386mm 


II. Determination of physical radius of the circular patch, 


F' 


1 + 


2 h 


TIE F l 


In 


tiF 
2 h 


1.7726 


V' ! 


8.791xl0 9 

/ 


( 12 ] 


(13] 


When the parameters are substituted into equation 3.7, d 
= 0.22cm. Therefore, relating the inter-element distance 
with wave length, d = 0.2X. 

The construction of the VSAT will be in prototype form. 
The dish will be constructed using one of the frequencies 
(25 GHz] used for the design above. It will also be 
constructed with local materials while the feed will be 
constructed using six array of a circular microstrip patch 
antenna in a linear form. 

Hardware Construction 

This involves the fabrication of the reflector or VSAT dish. 
The hardware construction in this work is limited to the 
reflector, excluding the feed. This is contained in the 
limitation for this thesis as earlier stated. The design of 
feed which is made up circular nricrostrip patch array is 
limited to the mathematical calculations of its parameters. 


When substituted, F 1 = 0.2371 and 
a = 0.22cm respectively. 


III. Determination of the beam width or aperture 
illumination: The beam width or aperture illumination 
is given as; 


6 n = 2 tan 1 




(14] 


But from our previous calculations, F/D is 0.4. 

Thus, when F/D is substituted into equation (3.15], 9 m 
will equal to 128°. 


IV. 


9„ =2 


Determination of inter-element distances. The 
formula for calculating the inter-element distance 
according to Balanis (2005] is: 

f A V 

(15] 


--Cos~ l 

2 


Nd 


In a simplified form, the distance can be estimated using: 

d =- ^ . (16] 


N sin 


9„ 


V z 7 


Materials: The materials for the construction include 
aluminum, hark saw, mould, hearth, tape rule, and other 
minor materials. The aluminum metal was melted and 
poured inside a mould in which it took its shape when 
cooled. The shape of the mould which was made with a 
particular iron was according to the design parameters of 
the reflector which were gotten from mathematical 
computations. 

4. RESULTS AND DISCUSSION 

The design of the antenna parameters such as gain, beam 
width and frequency to diameter ratio, f/D was carried out 
using the mathematical models. The processes involve 
varying the dish diameter and dish depth while keeping 
the frequency of operation constant. The diameter was 
varied from 0.2 m to 1.2 m with an increment of 0.2 
meters, while the depth was also varied from 0.05 nr to 
1.20 m, with an increment of 0.01 meters, while the 
operating frequencies of 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 15, 
20 and 25 GHz were adopted for the chosen depths and 
diameters, taken one frequency at a time. A typical result 
of the modeling is presented in Table 1 for frequency of 2 
GHz. Other results are presented in the appendixes for 
different frequencies. In addition, since size is the major 
concern especially as it will be mounted on a moving 
vehicle, the diameter of operation and beam width as well 
as the diameter and gain of the antenna were compared by 
series of plots. 


Tablel: A typical result of the Modeling At frequency of 2GHz with varying depth, d and diameter, D. 


D (m) 

d (m) 

F =D A 2/16d 

Effi 

F (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.050 

0.55 

2 

0.03 

9.65 

52.50 

9.85 

0.4 

0.06 

0.167 

0.55 

2 

0.13 

38.61 

26.25 

15.87 

0.6 

0.07 

0.321 

0.55 

2 

0.28 

86.88 

17.50 

19.39 

0.8 

0.08 

0.500 

0.55 

2 

0.50 

154.44 

13.13 

21.89 

1.0 

0.09 

0.694 

0.55 

2 

0.79 

241.32 

10.50 

23.83 

1.2 

0.1 

0.900 

0.55 

2 

1.13 

347.50 

8.75 

25.41 
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The matlab simulation results of the portable very small aperture terminal antenna with notched character are presented. 
Figure 2 shows the simulated impedance beam width as a function of antenna diameter. It can be observed that the beam 
width of the antenna is inversely proportional to the antenna frequency. As the frequency of operation is increased, the 
antenna beam width reduces. A typical plot showing the variation of antenna beam width with frequencies at antenna 
diameters of 0.2 and 1.2 nr is presented in Figure 2. 

Operating frequencies of 2.0, 2.5, 3.0, 3.5m, 4.0, 4.5, 5.0, 15, 20 and 25GHz, were used for these depths and diameters, with 
one frequency at a time. The result shows that, as the diameter is increasing, the gain is decreasing and the beam width is 
increasing, but when the diameter is decreasing, the reverse is the case. However, the reduction in gain can be minimized 
or eliminated using space diversity method as well as having an array of the small dish. 

From the figure, it can be observed that the gain of the antenna is directly proportional to the antenna frequency while in 
terms of beam width, itjs inversely proportional_ 
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Figure2: Influence of antenna diameters on antenna beam width at different frequencies 



Figure3: Simulation of beam width of the proposed antenna 


Figure 4 shows the simulated gain curve as the function of antenna diameters based on different frequencies. The gain 
variation of this antenna in operating bandwidth is from 9.8 dBi to 32.2 dBi for antenna diameter of 0.2 m, and from 25.4 
to 47.7 dBi for the antenna diameter of 1.2 mover the entire frequency range. It can also be seen that the gain of the 
antenna is directly proportional to the antenna frequency and antenna diameter. As the frequency of operation is 
increased, the antenna gain also increases. 

The result of applying a notch to create a rejected band is presented in Figure 4. It could be seen that the gain reduction is 
about 10.2 and 20.4 dBi at antenna diameters of 0.2 and 1.2 m respectively at 4GHz frequency. 
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The results of the return loss and beam width as a function of antenna diameters are shown in Figure 6. It has been 
deduced for voltage standing wave ratio (VSWRJ less than 2 and greater than 2. VSRW affects the impedance matching 
more significantly at higher frequencies than at lower frequencies. 
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Figure4: Simulated gain curve as the function of antenna diameters based on different frequencies. 



Figure5: Simulation with a notch to create a rejected band at 4 GHz frequency. 



Figure6: Return losses as function of antenna diameters. 
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Hardware Construction 

Plates 1.0 shows the prototype of the dish antenna. The 
antenna was constructed using aluminum material due to 
its light weight and resistance to corrosion. The dimension 
of the constructed prototype is 40 cm diameter and 6 cm 
depth. The dish will have the focal length of 0.167 m and 
the f/d ratio of 0.417 nr. The dish was constructed without 
the feed, which is a limitation of the work. 



Plate 1.0: Photo of side view of the prototype of 
reflector dish (without feed) 

5. CONCLUSION 

The design of a small sized VSAT has been done using 
mathematical models. The design was done by varying the 
diameter and depth of the dish. In the process, the 
frequency of operation was varied from 2 GHz to 25 GHz. 
In addition, the simulation of the radiation pattern of the 
dish antenna at frequencies 2, 2.5, 3, 3.5, -... 10, 15, 20 and 
25 GHz were done using Matlab simulation. 

From the results, it was observed that as the frequency of 
operation of the antenna increases, the gain of the antenna 
increases while the beam width decreases. It can then be 
concluded that the frequency of operation of the dish is 
directly proportional to the gain of the antenna and 
inversely to the beam width, thus a decrease in beam 
width allows the signal sent to be directed towards a 
target and signal loss will be reduced. It can also be 
concluded that the higher the frequency, the smaller the 
size of the dish. 

6. Recommendations 

The design of the dish and its feed has been done using 
mathematical method, and the construction of the 
prototype of the dish was done at the frequency of 25 GHz. 
The prototype was without a feed (which was just 
designed using nricrostrip patch antenna but not 
constructed), it is hereby recommended that the feed 
prototype construction be looked into as future work. 
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Appendix 

Modeling results for various frequencies 


Appendixl: Frequency of 2.5 GHz with varying depth, d and diameter, D 


D(m) 

d (m) 

F=D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.050 

0.55 

2.5 

0.03 

15.08 

42.00 

11.78 

0.4 

0.06 

0.167 

0.55 

2.5 

0.13 

60.33 

21.00 

17.81 

0.6 

0.07 

0.321 

0.55 

2.5 

0.28 

135.74 

14.00 

21.33 

0.8 

0.08 

0.500 

0.55 

2.5 

0.50 

241.32 

10.50 

23.83 

1.0 

0.09 

0.694 

0.55 

2.5 

0.79 

377.06 

8.40 

25.76 

1.2 

0.1 

0.900 

0.55 

2.5 

1.13 

542.97 

7.00 

27.35 

Appendix2: Frequency of 3 GHz with varying depth, d and diameter, D 

D(m) 

d (m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.050 

0.55 

3 

0.03 

21.72 

35.00 

13.37 

0.4 

0.06 

0.167 

0.55 

3 

0.13 

86.88 

17.50 

19.39 

0.6 

0.07 

0.321 

0.55 

3 

0.28 

195.47 

11.67 

22.91 

0.8 

0.08 

0.500 

0.55 

3 

0.50 

347.50 

8.75 

25.41 

1.0 

0.09 

0.694 

0.55 

3 

0.79 

542.97 

7.00 

27.35 

1.2 

0.1 

0.900 

0.55 

3 

1.13 

781.88 

5.83 

28.93 


Appendix 3: Frequency of 3.5 GHz with varying depth, d and diameter, D 


D(m) 

d (m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.050 

0.050 

0.55 

3.5 

0.03 

29.56 

30.00 

14.71 

0.4 

0.060 

0.1667 

0.55 

3.5 

0.13 

118.25 

15.00 

20.73 

0.6 

0.070 

0.321 

0.55 

3.5 

0.28 

266.05 

10.00 

24.25 

0.8 

0.080 

0.500 

0.55 

3.5 

0.50 

472.99 

7.50 

26.75 

1.0 

0.090 

0.694 

0.55 

3.5 

0.79 

739.04 

6.00 

28.69 

1.2 

0.100 

0.900 

0.55 

3.5 

1.13 

1064.22 

5.00 

30.27 


Appendix 4: Frequency of 4 GHz with varying depth, d and diameter, D 


D(m) 

d(m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.050 

0.55 

4 

0.03 

38.61 

26.25 

15.87 

0.4 

0.06 

0.167 

0.55 

4 

0.13 

154.44 

13.13 

21.89 

0.6 

0.07 

0.321 

0.55 

4 

0.28 

347.50 

8.75 

25.41 

0.8 

0.08 

0.500 

0.55 

4 

0.50 

617.78 

6.56 

27.91 

1.0 

0.09 

0.694 

0.55 

4 

0.79 

965.28 

5.25 

29.85 

1.2 

0.1 

0.900 

0.55 

4 

1.13 

1390.00 

4.38 

31.43 


Appendix 5: Frequency of 4.5 GHz with varying depth, d and diameter, D 


D(m) 

d(m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam Width 

Gain (dB) 

0.2 

0.050 

0.050 

0.55 

4.5 

0.03 

48.87 

23.33 

16.89 

0.4 

0.060 

0.167 

0.55 

4.5 

0.13 

195.47 

11.67 

22.91 

0.6 

0.070 

0.321 

0.55 

4.5 

0.28 

439.80 

7.78 

26.43 

0.8 

0.080 

0.500 

0.55 

4.5 

0.50 

781.88 

5.83 

28.93 

1.0 

0.090 

0.694 

0.55 

4.5 

0.79 

1221.68 

4.67 

30.87 

1.2 

0.100 

0.900 

0.55 

4.5 

1.13 

1759.22 

3.89 

32.45 


Appendix 6: Frequency of 10 GHz with varying depth, d and diameter, D 


D(m) 

d(m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.050 

0.050 

0.55 

10 

0.03 

241.32 

10.50 

23.83 

0.4 

0.060 

0.167 

0.55 

10 

0.13 

965.28 

5.25 

29.85 

0.6 

0.070 

0.321 

0.55 

10 

0.28 

2171.88 

3.50 

33.37 

0.8 

0.080 

0.500 

0.55 

10 

0.50 

3861.11 

2.63 

35.87 

1.0 

0.090 

0.690 

0.55 

10 

0.79 

6032.99 

2.10 

37.81 

1.2 

0.100 

0.900 

0.55 

10 

1.13 

8687.50 

1.75 

39.39 
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Appendix 7: Frequency of 15 GHz with varying depth, d and diameter, D 


D(m) 

d (m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.05 

0.55 

15 

0.03 

542.97 

7.00 

27.35 

0.4 

0.06 

0.1667 

0.55 

15 

0.13 

2171.88 

3.50 

33.37 

0.6 

0.07 

0.321 

0.55 

15 

0.28 

4886.72 

2.33 

36.89 

0.8 

0.08 

0.5 

0.55 

15 

0.50 

8687.50 

1.75 

39.39 

1.0 

0.09 

0.694 

0.55 

15 

0.79 

13574.23 

1.40 

41.33 

1.2 

0.1 

0.9 

0.55 

15 

1.13 

19546.88 

1.17 

42.91 


Appendix 8: Frequency of 20 GHz with varying depth, d and diameter, D 


D(m) 

d (m) 

F=D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.05 

0.050 

0.55 

20 

0.03 

965.28 

5.25 

29.85 

0.4 

0.06 

0.1667 

0.55 

20 

0.13 

3861.11 

2.63 

35.87 

0.6 

0.07 

0.321 

0.55 

20 

0.28 

8687.50 

1.75 

39.39 

0.8 

0.08 

0.500 

0.55 

20 

0.50 

15444.45 

1.31 

41.89 

1.0 

0.09 

0.694 

0.55 

20 

0.79 

24131.96 

1.05 

43.83 

1.2 

0.1 

0.900 

0.55 

20 

1.13 

34750.02 

0.88 

45.41 


Appendix 9: Frequency of 25 GHz with varying depth, d and diameter, D 


D(m) 

d (m) 

F= D A 2/16d 

Effi 

Freq (GHz) 

Area 

Gain (W) 

Beam width 

Gain (dB) 

0.2 

0.050 

0.050 

0.6 

25 

0.03 

1645.36 

4.20 

32.16 

0.4 

0.060 

0.167 

0.6 

25 

0.13 

6581.44 

2.10 

38.18 

0.6 

0.070 

0.321 

0.6 

25 

0.28 

14808.25 

1.40 

41.71 

0.8 

0.080 

0.500 

0.6 

25 

0.50 

26325.77 

1.05 

44.20 

1.0 

0.090 

0.694 

0.6 

25 

0.79 

41134.02 

0.84 

46.14 

1.2 

0.100 

0.900 

0.6 

25 

1.13 

59232.98 

0.70 

47.73 
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